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Sideways displacement of the endograft within the
aneurysm sac is associated with late adverse events
after endovascular aneurysm repair
Evert J. Waasdorp, MD,b Madhu L. Gorrepati, MD,a Benjamin Y. Rafii, MD,a
Jean-Paul P. M. de Vries, MD, PhD,c and Christopher K. Zarins, MD,a Stanford, Calif; and Utrecht and
Nieuwegein, The Netherlands
Objective: Previous studies have shown the importance of proximal and distal endograft fixation. There is little
information on themiddle, unsupported section of endograft within the aneurysm sac.We quantified sideways movement
of the endograft within the aneurysm sac and correlated it to late adverse events.
Methods: Patients who underwent endovascular abdominal aortic aneurysm (AAA) repair with a suprarenal or infrarenal
endograft between January 1997 and December 2007 were analyzed for sideways endograft movement. Patients were
included if they had a digital preoperative computed tomography angiogram (CTA), a postoperative CTA within 3
months after the index procedure, and at least one follow-up CTA thereafter with a minimal time interval of 6 months.
The endograft position within the aneurysm sac was quantitated on cross-sectional images using a fixed vertebral body
reference point. Patients with change in endograft position>5 mmwere placed in the sideways displacement (SD) group
and compared with patients with no displacement (ND; <5 mm change in position). The relationship between sideways
endograft movement and endovascular aneurysm repair (EVAR)-related complications were noted for AAA rupture,
AAA-related death, conversion, secondary procedures, AAA growth (>5 mm), proximal migration (>10 mm), and new
onset of type I or III endoleaks.
Results: The study included 144 patients (mean age, 76  7.6 years). Mean follow-up time was 43  27 months. Fifty
patients (35%) had sideways endograft movement >5 mm during follow-up. Baseline AAA diameter was larger (SD 60 
9 mm vs ND 57 9 mm; P< .05) and proximal and iliac endograft fixation lengths were shorter (SD 18 8 mm vs ND
24  11 mm; P < .05 and SD 35  14 vs ND 42  16 mm; P < .05) in patients with sideways endograft displacement.
There was no significant difference between the groups in AAA rupture and AAA-related death (one fatal AAA rupture,
ND group). SD patients had a higher surgical conversion rate (10% vs 0%; P  .002), more secondary procedures (44%
vs 6%; P < .001), more AAA sac enlargement (42% vs 10%; P < .001), more endograft migration (66% vs 5%; P < .001),
and more type I or III endoleaks (36% vs 3%; P < .001).
Conclusions: Positional stability of the endograft within the aneurysm sac is critical for the long-term success of EVAR.
Sideways movement of the endograft within the aneurysm sac is associated with an increased risk of late adverse events.
(J Vasc Surg 2012;55:947-55.)
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iThe goal of endovascular treatment of an abdominal
aortic aneurysm (AAA) is to exclude the aneurysm from the
bloodstream and thereby eliminate the risk of rupture.
Despite improvements in endograft design, implantation
technique, patient selection, and early results, there are persis-
tent concerns regarding the long-term durability of endovas-
cular AAA repair (EVAR).1-4 Endograft migration leading to
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doi:10.1016/j.jvs.2011.10.093ew-onset endoleaks is of particular concern andmay result in
AA rupture, the need for secondary procedures, or surgical
onversion during follow-up. Until recently, most studies of
ndograft stability after EVAR focused on the proximal an-
horing site of the endograft.5,6 These studies have shown
hat secure proximal endograft fixation is needed to ensure
ong-term durability of the endograft.
Unfortunately, endograft instability, as evidenced by
roximal endograft migration, is sometimes difficult to see
n the sequential follow-up computed tomography (CT)
cans due to tortuosity of the aneurysm neck and inadequate
iming of the contrast infusion. Although sophisticated three-
imensional (3D) CT image reconstruction can overcome
hese difficulties, 3D imaging software is often not available,
nd these measurements are time-consuming and therefore
re not very useful in clinical practice.
We recently described that in addition to proximal
ndograft fixation, distal (eg, iliac) endograft fixation plays
significant role in the long-term durability and clinical
uccess of EVAR.7,8 CT imaging with 3D reconstructions
s even more important in evaluating distal endograft fixa-
ion because iliac fixation lengths can only accurately be
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measurements.
The behavior of themidportion of the endograft within
in the aneurysm sac has received little attention until re-
cently, when Rafii et al9 reported that lateral or sideways
movement of the endograft was an indicator of endograft
instability. This study showed that 5-mm lateral movement
of the endograft within the aneurysm sac at 1 year was
associated with an increased risk of late adverse events.
Endograft movement could be detected on simple cross-
sectional CT images without the need for 3D imaging and
without the need of contrast injection. This initial study
described a small group of patients with one endograft and
relatively short follow-up. The purpose of our investigation
was to determine whether sideways movement of the en-
dograft within the aneurysm sac is related to endograft
migration and late clinical adverse events in a large patient
population with long-term follow-up.
METHODS
Patients with asymptomatic infrarenal AAAwho under-
went elective EVAR with a bifurcation graft at Stanford
University Medical Center between January 1997 and De-
cember 2007 and who were entered into a prospective,
Institutional Review Board-approved, image-based follow-
up protocol were reviewed. The follow-up protocol con-
sisted of clinical examination and CT scanning at regular
time intervals, including postprocedure baseline, at 6
months, 12 months, and yearly thereafter. Patients were
treated with a suprarenal or infrarenal endograft (Talent or
AneuRx stent graft system; Medtronic Vascular, Santa
Rosa, Calif). Patients were included in this study if the
following digital contrast CT scans were available: preop-
erative computed tomography angiography (CTA), a post-
operative CTA within 3 months of the index procedure,
and at least one follow-up CTA with a minimum interval of
6 months from the first postoperative CT scan. Patients
were excluded from the study if digital images were unavail-
able or of insufficient quality for 3D image processing and
quantitation measurements. Follow-up CT scans per-
formed at other institutions were included, if available,
and uploaded into our workstation for analysis. The
follow-up CT scan used to quantitate sideways displace-
ment was either the latest digital CT scan available or the
last CT scan before a secondary procedure was done to
resolve endograft- or AAA-related complications. Clini-
cal records and follow-up information of all selected
patients were retrospectively reviewed.
Secondary procedures with an influence on endograft
configuration were classified as any combination of proxi-
mal, distal, or interposition endograft extenders or implan-
tation of a new bifurcated or aortouni-iliac endograft
within the former endoprosthesis. Partial or total explanta-
tion of the endoprosthesis and aortic neck plication were
classified as conversion procedures and were noted sepa-
rately in addition to secondary endovascular procedures.
Patients who had an indication for a secondary procedure
and who were advised to undergo a secondary procedure, 2ut refused, were counted as having had a secondary pro-
edure for statistical analysis.
Baseline patient characteristics and comorbidities,
merican Society of Anesthesiologists (ASA) score, and
neurysm morphology were documented. Maximal AAA
iameter was measured on the preoperative and direct
ostprocedural CT scan. When the postprocedural AAA
iameter was increased compared with the preoperative
ize, the largest AAA diameter was taken as the baseline
easurement. Aortic neck diameter was measured on the
reoperative CT scan halfway between the caudal portion
f the lowermost renal artery and the beginning of the
AA. Aortic neck length was the distance from the caudal
ortion of the lowermost renal artery to the beginning of
he AAA.
CT scans included images with and without intrave-
ous nonionic contrast that were performed on a
ultidetector-row CT scanner with a slice thickness of 1.5
m. Delayed imaging was used to detect endoleaks.
The 3D image analyses were performed on a worksta-
ion (TeraRecon Inc, San Mateo, Calif) with maximum-
ntensity projection, centerline, and orthonormal views,
hus allowing for measurement of curvilinear distances. All
eported diameters were measured perpendicular to the
enterline axis, and the reported lengths were curvilinear
istances measured along the centerline of vessels.
The inferior border of the superior mesenteric artery
as used as a reference point in determining endograft
igration when the postprocedural and the follow-up CT
cans were compared. The distance from the superior mes-
nteric artery to the beginning of the first 360° appearance
f the endograft was used to measure endograft migration.
ndograft migration was defined as a distal migration of
10 mm during follow-up and any migration that needed
secondary intervention (migration of10mmwith prox-
mal type 1 endoleak or10mmmigration in patients who
ad a short proximal aortic neck length of 10 mm).
Proximal and distal endograft fixation and the distance
rom the distal part of the endograft to the iliac bifurcation
ere measured on the postprocedure CTA. Proximal and
istal endograft fixation was defined as the part of the
roximal (covered and uncovered portion) and distal por-
ion of the endograft that was in full 360° apposition with
he aortic neck or iliac arteries, respectively. The en-
ograft-iliac bifurcation distance was the distance from
he distal portion of the endograft to the origin of the
ypogastric artery. In patients treated by bifurcation de-
ices, mean distances were taken. In patients treated by
eans of aortouni-iliac endografts, the total length of the
onoiliac limb was taken.
Sideways displacement was defined as any horizontal
hange in position of the midportion of the endograft
ithin the AAA sac; sideways displacement could occur in
he anterior, posterior, lateral, or oblique direction but was
lways perpendicular to the axial plane. Sideways endograft
isplacement was measured on the axial CT images on the
ame TeraRecon workstation, which also allows for simple
D linear measurements. A fixed reference point was se-
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Volume 55, Number 4 Waasdorp et al 949lected on a lumbar vertebra close to the point of the
maximal AAA diameter and the linear distance to the
endograft was measured. The first postoperative CT scan
was used as the baseline vertebra-endograft measurement,
and the follow-upCT scans weremeasured at the same axial
fixed point on the same lumbar vertebra (Fig 1). The
distance from the anterior middle portion of the vertebral
spine and the point between both endograft legs was mea-
sured on the postoperative and follow-up CT scans and
analyzed for differences in path lengths (Fig 1).
The measurements were done by an investigator who
was blinded for the clinical outcome. To analyze interob-
server variability for sideways endograft movement, 25
randomly selected patients were measured by a second
investigator in a blinded fashion. To assess intraobserver
variability, 25 randomly selected patients were measured by
Fig 1. Two-dimensional sideways displacement of 15 m
of the endograft during follow-up (fixed axial vertebra le
tomography [CT] scan): vertebra-stent graft distance of 2
vertebra-stent graft distance of 39 mm.the primary investigator twice in a randomly selected se- cuence. The interval between the first and secondmeasure-
ents was at least 2 weeks.
For comparison of groups, patients were divided in a no
isplacement (ND) group and a sideways displacement
SD) group, depending on the distance of sideways en-
ograft movement. Patients were placed in the SD group if
here was sideways endograft displacement of 5 mm on
he follow-up CT scan compared with the first postopera-
ive CT scan. The selection for this specific threshold was
ased on previous work of the study group.9 Apart from the
reviously mentioned latest digital available CTA scan, we
ried to collect earlier follow-up CTA scans after EVAR for
he SD group.
To analyze the association of the sideways endograft
isplacement with clinical and radiologic outcomes, the
ollowing outcomes were noted: AAA rupture, surgical
this patient most displacement is in anterior direction)
Picture in the upper right (first postoperative computed
. Picture in the lower right (CT scan during follow-up):m (in
vel).
4 mmonversion, secondary procedures as mentioned earlier in
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April 2012950 Waasdorp et althis section, and AAA-related death. The radiologic param-
eters that were noted were AAA growth, defined as a
growth of5 mm during follow-up, and new onset of type
I or III endoleaks, or both. Stable AAA diameter was
defined as an AAA diameter with 5 mm decrease and 5
mm increase. AAA shrinkage was defined as a decrease in
AAA diameter of 5 mm during follow-up.
Because sideways endograft movement will be related
to proximal endograft migration (10 mm compared with
the postoperative CT scan) in these investigated stiff en-
dografts, proximal migration was investigated but not de-
fined as a study end point. The correlation between side-
ways endograft movement and proximal migration was
investigated.
Statistical analysis. Continuous data are presented as
the mean  standard deviation and range. Discrete vari-
ables are given as counts and percentages. For comparison
of values between groups, t tests were used for continuous
variables and the 2 test for binary variables. Differences
between the ND and SD groups in clinical and radiologic
end points were analyzed using 2 tests and the Kaplan-
Meier method. The interobserver and intraobserver vari-
ability for sideways endograft movement were analyzed by
calculating the Pearson correlation coefficient of the differ-
ent measurements. Significance was assumed at P .05. All
statistical analyses were performed with SPSS 15.0 software
(SPSS Inc, Chicago, Ill).
RESULTS
Baseline measures. Among a total of 400 registered
patients, 144 met the inclusion criteria and were included
in the study. Of excluded patients, 13% had no follow-up
period that met the criteria of inclusion ormissed one of the
Table I. Patient demographics, preoperative aneurysm mo
Variable
Total group
(n  144)
Demographics
Age (years) 76.2  7.6
Women, no. (%) 13 (9.0)
Cardiac comorbidity, no. (%) 85 (59)
Respiratory comorbidity, no. (%) 55 (38)
Follow-up time (months) 43.3  27.2
ASA score 2, no. (%) 68 (47.2)
Preimplantation
AAA size (mm) 58.5  9.7
AAA-neck length (mm) 22.5  13.0
AAA-neck diameter (mm) 26.7  4.0
Postimplantation
Proximal fixation length (mm) 22.2  10.3
Iliac fixation length (mm) 39.5  15.6
Distance to hypogastric art (mm) 13.0  12.0
Transrenal graft (Talent), no. (%) 96
Infrarenal graft (AneuRx), no. (%) 48
Proximal graft diameter (mm) 31.8  3.1
AAA, Abdominal aortic aneurysm; ASA, American Society of Anesthesiolo
aProximal fixation length longer than the preimplantation neck length du
transrenal fixating endograft.necessary CT scans (38%). Moreover, CT scans could not fe collected in 16% of patients, CT scans were not digitally
ecorded in 24% of patients, and the inferior quality of the
T scans precluded image analyses in 9% of patients. Pa-
ient demographics and aneurysmmorphology are summa-
ized in Table I. Age at the time of operation was 76.2 
.6 years (range, 56-94 years). All patients had an asymp-
omatic infrarenal aortic aneurysm. Maximal diameter of
he AAA was 58.5  9.7 mm (range, 36-105 mm), aortic
eck diameter was 26.7 4.0 mm (range, 15-34 mm), and
ortic neck length was 22.5 13.0 mm (range, 5-64 mm).
Postoperative endograft fixation measurements are
ummarized in Table I. Proximal endograft fixation length
as 22.2  10.3 mm (range, 2-51 mm), and distal iliac
xation length was 39.5  15.6 mm (range, 2-94 mm).
ean clinical follow-up was 43.3  27.2 months (range,
-108 months).
Sideways displacement. Sideways displacement of
he endograft5 mm on the latest available CTA scan was
een in 50 patients (35%), and these patients were included
n the SD group. Sideways endograft displacement for 94
atients (65%) was5 mm during follow-up and they were
ncluded in the ND group.
Baseline patient characteristics were not significantly
ifferent between the ND and SD groups (Table I). How-
ver, there were significant differences between the groups
n baseline AAA morphology, postoperative endograft fix-
tions lengths, and length of the follow-up time. Patients in
he SD group had larger baseline AAA diameter (60.2 
.0 vs 57.0  8.7 mm; P  .04). Sideways displacement
ccurred during follow-up in 11 of 54 patients (20%) with
small AAA (55mm).The incidence rose to 39% in patients
ith larger AAAs (60 mm). Mean follow-up time for pa-
ients in the SD group was 53.0  30.1 versus 38.3  24.3
logy, and post-implantation measurements
SD group ND group
P5 mm (n  50) 5 mm (n  94)
74.9  7.7 77.2  7.3 .15
5 (10) 8 (8.5) .18
31 (62) 54 (57) .50
20 (40) 35 (37) .23
53.0  30.1 38.3  24.3 .002
23 (46) 45 (47.9) .16
60.2  9.0 57.0  8.7 .04
22.7  13.6 22.4  12.8a .90
25.9  3.9 27.0  4.1 .10
17.9  8.0 24.6  10.7a .001
34.8  14.5 42.2  15.7 .008
15.4  11.4 11.7  12.2 .09
24 (25) 72 (75) .001
26 (54) 22 (46) .001
31.1  3.4 32.4  3.0 .17
D, no displacement; SD, sideways displacement.
e uncovered portion of the proximal graft in the patients treated with arpho
gists; Nor patients in the ND group (P  .002). There were no
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neck length (22.7  13.6 vs 22.4  12.8 mm) or
diameter (25.9  3.9 vs 27.0  4.1 mm).
Patients treated by infrarenal fixating stent grafts had
significantly more sideways displacement than patients with
transrenal fixation of the stent graft (54% vs 25%; P .001),
and had more proximal stent graft migration (41% vs 19%;
P  .003). Patients with an infrarenal fixating stent graft
had a significantly shorter proximal fixation than patients
treated with a transrenal fixating endograft (24 10.8 mm
vs 19  8.2 mm; P  .002).
The SD group had significantly shorter postoperative
proximal (17.9  8.0 vs 24.6  10.7 mm; P  .001) and
distal endograft fixation lengths (34.8  14.5 vs 42.2 
15.7 mm; P  .008). One of the possible explanations for
the shorter proximal fixation in the SD group is the larger
number of patients treated by means of an infrarenal fixat-
ing endograft. The distance from the end of the endograft
to the origin of the hypogastric arteries was not different
between the two groups (15.4 11.4 vs 11.7 12.2mm).
We successfully collected earlier follow-up CTA scans
in 33 of 50 patients in the SD group, and in 25, sideways
endograft movement 5 mm had already been docu-
mented on an earlier CTA scan after EVAR. However,
eight patients in the SD group had 5 mm sideways
movement of the endograft earlier on in the follow-up after
EVAR.
Clinical end points. The clinical end points for both
groups are summarized in Table II. AAA rupture was rare
and occurred in only one patient. This patient was in the
ND group, had a persisting type I endoleak with aneurysm
enlargement, and refused recommended secondary treat-
Table II. Clinical and radiologic outcomes
Variable
SD group ND group
P
5 mm
(n  50)
5 mm
(n  94)
Radiologic
Absolute prox migration
(mm) 15.1  13.5 3.2  3.7 .001
Prox migration 10 mm,
no. (%) 33 (66) 5 (5.3) .001
Absolute lateral
displacement (mm) 9.6  7.0 1.9  1.7 .001
AAA diameter change
(mm) 2.6  10.4 2.7  8.1 .001
AAA growth 5 mm,
no. (%) 21 (42) 9 (9.6) .001
New-onset endoleak type
I/III, no. (%) 18 (36) 3 (3.2) .001
Clinical
AAA ruptures, no. (%) 0 (0) 1 (1.1) .47
Secondary procedures,
no. (%) 22 (44) 6 (6.4) .001
Conversions, no. (%) 5 (10) 0 .002
AAA-related death, no. (%) 0 1 (1.1) .47
AAA, Abdominal aortic aneurysm; ND, no displacement; SD, sideways
displacement.ment. This was the only AAA-related death in this study. sone of the patients who had a secondary intervention or
onversion died within 30 days after the secondary proce-
ure. There was no difference in the rupture rate or AAA-
elated death rate between the two groups (P  .46).
Secondary procedures were more frequent in the SD
roup than in the ND group. A secondary procedure was
equired in 22 patients (44%) in the SD group and in six
6%) in the ND group to resolve endograft-related prob-
ems (P  .001).
Kaplan-Meier estimates showed a freedom from sec-
ndary interventions of 97%, 97%, and 97% for the ND
roup and 96%, 86%, and 76% for the SD group at 12, 36,
nd 60 months (P  .01; Fig 2). The list of secondary
nterventions in each patient group is listed in Table III.
ost secondary interventions were proximal extension
uffs for proximal type I endoleaks or migration.
Surgical conversion procedures were more frequent in
he SD group than in theNDgroup. Five patients in the SD
roup (10%) compared with no patients in the ND group
nderwent conversion to open repair (P  .002). Kaplan-
eier estimates showed a freedom from conversion of
00% in the ND group and 100%, 98%, and 87% in the SD
roup at 12, 36, and 60 months (P  .015).
Radiologic end points. The radiologic end points are
ummarized in Table II. Of the 144 included patients, AAA
iameter was stable in 73 patients (51%), AAA shrinkage
as seen in 41 (28%), and AAA enlargement was seen in 30
21%). AAA enlargement occurred in 21 SD patients (42%)
ersus 9 ND patients (10%; P  .001).
Patients in the SD group had more new type I and III
ndoleaks compared with the ND group. New-onset type I
r III endoleak was noted in 18 SD patients (36%) vs three
D patients (3.2%; P  .001). Kaplan-Meier estimates
howed a freedom from new endoleaks of 98%, 97%, and
7% in the ND group and 98%, 79%, and 61% in the SD
roup at 12, 36, and 60 months (P  .001).
Proximal endograft migration was associated with side-
ays endograft movement. Of the 38 patients who had
roximal migration 10 mm, 33 (87%) had sideways
ovement of the endograft 5 mm. Of the 50 patients
ith sideways movement, only 33 (66%) had proximal
igration of the endograft.
Interobserver and intraobserver variability. There
as a highly significant association between the interob-
erver and intraobserver measurements regarding the side-
ays displacement of the endograft during follow-up. The
nterobserver and intraobserver Pearson correlation coeffi-
ients were 0.98 and 0.99, respectively (P  .001).
ISCUSSION
The current study identified original data of 144 patients.
ideways displacement of the endograft during follow-
p occurred in more than one in three patients. There
as a strong association between sideways endograft dis-
lacement and most adverse events in the investigated
atient population. To our knowledge, this study repre-
ents the largest cohort of patients to be systematically
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April 2012952 Waasdorp et alstudied for evidence of sideways movement of the midpor-
tion of the endograft in the AAA sac over time.
The role of the midportion of the endograft on the
durability of EVAR has received little attention thus far.
The midportion of the endograft, because of its unsup-
ported position within the aneurysm sac, can have signifi-
cant sideways movement during follow-up, particularly in
large-diameter aneurysms and in endografts with an unsup-
ported body.
Larger AAA diameters are associated with worse long-
term outcome after EVAR, but the mechanism of this
phenomenon has never been understood.10-12 Even after
successful initial endovascular repair with good proximal
endograft fixation and no endoleak, a large aneurysm diam-
eter is a significant factor in long-term success after EVAR.
Fig 2. Freedom fro
Table III. Secondary interventions in the ND and SD
groups
Variable
SD group
(n  50)
ND group
(n  94)
No. (%) No. (%)
Proximal extension cuff 11 (22) 3 (3)
Distal extension cuff 3 (6) 2 (2)
Interposition cuff 1 (2) 0
Proximal and distal ext cuff 5 (10) 0
New endograft 1 (2) 0
Refuses secondary intervention 1 (2) 1 (1)
Aortic neck wrappinga 4 (8) 0
Explantationa 1 (2) 0
ND, No displacement; SD, sideways displacement.
aAre considered as conversion operations.In the current study, we showed that patients with sideways wndograft movement had larger initial AAA diameter. The
arger intrasac aneurysm space may facilitate sideways
ovement of the unsupportedmidportion of the endograft
ithin the AAA sac. This may increase the fixation require-
ents of the endograft in the proximal or distal fixation
ones and may help explain why patients with large AAA
iameters have worse long-term outcomes after EVAR.
owever, we also found evidence in this study group of
ignificant sideways displacement in patients with small
neurysms. Sideways displacement occurred during follow-
p in 11 of 54 patients (20%) with a small AAA (55 mm).
he incidence rose to 39% in patients with larger AAAs
60 mm). While there is a clear association of sideways
ndograft movement and increasing AAA size, a small
neurysm size does not preclude sideways endograft move-
ent.
Patients in the SD group had a significantly shorter
roximal and distal endograft fixation length. As shown in
his study, sideways endograft movement and migration
as strongly correlated with the proximal end of the en-
ograft. Prior studies have shown that a short proximal or
hort distal endograft fixation length, or both, is associated
ith an increased risk for proximal migration.5,7,8 There-
ore, the association between sideways endograft move-
ent and a shorter proximal and distal fixation lengths is no
urprise. Downward movement of the proximal portion of
he endograft is intimately associated with sideways move-
ent of the midportion of the endograft if the distal
xation point does not move, because the length of the
ndograft does not change. In this study, we were not able
o determine which is the primary event.
Proximal endograft migration was correlated with side-
ondary procedures.ays endograft movement in this study. Of the 38 patients
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Volume 55, Number 4 Waasdorp et al 953who had proximal migration 10 mm, 33 (87%) had
sideways movement of the endograft.
Two patients with proximal migration did not have
sideways movement of5 mm, but the graft configuration
was completely different at the same vertebra level on the
follow-up CTA scan (Fig 3). Although sideways displace-
ment was 5 mm at the same vertebral level, these en-
dografts were displaced at another vertebra level lower in
the AAA sac during follow-up. On the other hand, of the
50 patients with sideways movement, only 33 (66%) had
proximal migration of the endograft. An explanation of
why the endograft was not displaced in the proximal an-
choring zone in 17 patients is that the graft could be
displaced at the distal anchoring zone or that measuring
sideways displacement is probably more accurate than the
proximal migration measurements in these patients. It is
very likely that if sideways movements are noticed without
proximal migration, the endograft must have been dis-
placed somewhere else. Unfortunately, we did not measure
distal iliac stent graft movement in the study and therefore
can only speculate that there was distal movement of the
stent grafts.
As described in the Results, we successfully collected
earlier CT scans of 33 of 50 patients in the SD group and
Fig 3. Proximal endograft migration without sideways
ment.determined that in 76% of these patients, sideways en- oograft movement (5 mm) had already occurred earlier
n after EVAR. Owing to our study protocol, we think that
ith the current study we showed that sideways displace-
ent is a very accurate measuring parameter, strongly
orrelated with adverse events. However, earlier follow-up
T scans could be collected in only 33 of 50 patients with
D, so the predictive value of sideways displacement could
ot be elucidated in the current study because numbers are
oo small.
The magnitude and direction of displacement forces
cting on aortic endografts in vivo has been studied by
igueroa et al using 3D computational modeling tech-
iques.13,14 These investigators found that pulsatile dis-
lacement force acting on an endograft is in a sideways
irection with respect to the axis of the blood flow rather
han in the downstream direction of blood flow. In these
atient-specific models, 72% of the total displacement force
n the endograft was directed sideways. Increased curva-
ure of the endograft increases sideways displacement force,
s does increased endograft diameter and increased blood
ressure. These findings are consistent with our finding of
ideways endograft movement in the aneurysm sac over
ime. The precise angulation of the sideways displacement
anterior–posterior or side-to-side) was not quantitated in
cement. ND, No displacement; SD, sideways displace-displaur patient group and will be a subject for further study.
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April 2012954 Waasdorp et alSimple 2Dmeasurements were done to document side-
ways movement of the endograft. The simple 2D sideways
displacement measurement was a quick measurement that
could be done within 60 seconds when comparing the
postoperative endograft-vertebra distance with the follow-
up distance and could be done on CT scans without the use
of contrast media. We described a low interobserver and
intraobserver variability with a highly significant correlation
coefficient. Keeping in mind that 33 of 38 patients (87%)
with proximal migration had sideways movement of the
endograft and another two patients (5%) had a totally
different endograft configuration at the same axial vertebra
level, the simple and reproducible sideways movement
measurement can possibly replace the time-consuming
proximal endograft migration measurement during follow-
up after EVAR. Since we have not analyzed comparisons,
correlations, or predictive relations of sideways displace-
ment versus other commonly used parameters, the use of
this measurement technique for evaluating endograft posi-
tional stability should be further evaluated in prospective
studies and with other endografts to increase our under-
standing of long-term durability of EVAR.
Limitations. Because we included a large number of
patients, conclusion can be drawn with relatively high
statistically validity. However, the study has some limita-
tions.
First, we included only patients with at least 6 months
of follow-up to be able to determine positional changes
over time. Thus, the analyses excluded patients with post-
operative events occurring within 6 months after the index
procedure. This may have had an effect onmeasures such as
overall AAA-related mortality. Because endograft migra-
tion and sideways displacement is a time-dependent event,
we selected a standard time frame that coincides with the
prospectively determined routine imaging follow-up pro-
tocol. Measuring sideways displacement during follow-up
requires at least two CT scans to measure the difference in
vertebra-endograft distance.
The second limitation is that almost half of the treated
patients were tertiary referral patients, many with AAA anat-
omy not ideal for endovascular repair (AAA neck 15 mm,
AAA neck angle 60°, extensive AAA neck thrombus/
calcification, tortuosity of iliac arteries) but unfit for open
repair. Since we did not document aortic neck angulation,
we could not analyze this as a predictive factor for the
aforementioned EVAR-related complications. This may
have increased the risk of endograft movement and migra-
tion. In addition, some patients, particularly those with less
complex anatomies, were monitored with CT imaging
done at the local referral center, with reports and images
brought by the patient at follow-up visits. Some images
were not suitable for quantitative image analysis for this
study. Thus, missing comparative data may have intro-
duced a selection bias for more complicated patients who
underwent all follow-up imaging studies at our institution.
The third limitation is that we did not analyze the exact
direction of the sideways endograft displacement in the
horizontal plane (anterior–posterior or side-to-side dis-lacement). One could imagine an endograft migrating to
he side and posteriorly with no change in the absolute
istance from a fixed point on one of the lumbar vertebrae
o the endograft. This can introduce false negative results.
Another factor that could have influenced our results
as that the CT scans were static scans. The measurements
f all parameters occurred somewhere during the diastole
nd systole of the cardiac cycle. Although dynamic changes
re investigated in the AAA neck, the dynamic changes of
he sideways endograft movement at the point of maximal
AA diameter during the cardiac cycle has not been inves-
igated so far.15,16 We set the threshold for sideways move-
ent at 5 because we think some dynamic sideways
isplacement may occur during the cardiac cycle. This
roblem should be investigated on dynamic CT scans and
ill be an investigation goal for our study group.
Another limitation is that we only measured the
ertebra-endograft position over time and did not deter-
ine the change of endograft position in the AAA sack.
symmetric shrinkage or growth of the AAA during
ollow-up can therefore influence the vertebra-endograft
osition, without a change of the position of the en-
ograft in the AAA sack.
ONCLUSIONS
This study highlights the importance of the midportion
f the endograft, which is unsupported within the aneu-
ysm sac. Significant sideways movement of the endograft is
ssociated with endograft migration, whereas lack of move-
ent indicates endograft stability. Sideways movement of
he device within the aneurysm sac is associated with late
dverse events; conversely, lack of movement is correlated
ith long-term success.
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